Triple-negative breast cancer (TNBC) is an uncommon but aggressive subtype of breast cancer. Obesity has been associated with an increased risk of breast cancer and worse prognosis. Some studies suggest that obese patients are less likely to achieve pathologic complete response (pCR) to neoadjuvant chemotherapy (NCT) and experience worse overall survival. Ki-67 is a proliferation marker that correlates with tumor aggressiveness. The goal of this study was to examine the impact of weight change during NCT for TNBC on pathologic response and Ki-67 reduction. Retrospective review identified 173 TNBC patients treated between 2004 and 2011. Data were collected on patient demographics, pre-and post-NCT body mass index (BMI), Ki-67, and pCR. Data analysis was performed using the two-tailed Student's t-test, analysis of variance (ANOVA), and Fisher's exact test. Sixty-six patients met final study criteria. Forty-three patients lost weight during chemotherapy and 23 gained weight. Patients in the weight gain group were significantly younger (P = 0.0013). There was no significant difference between the two groups in terms of Ki-67 reduction (P = 0.98) or pCR (P = 0.58). When patients were separated into normal weight (BMI<25 kg/m 2 ), overweight (BMI ≥ 25 and <30 kg/m 2 ), and obese (BMI ≥ 30 kg/m 2 ), there was no significant difference in Ki-67 among those groups either before or after NCT. The degree of obesity did not have a significant impact on Ki-67 reduction. Weight change during NCT does not appear to correlate with Ki-67 change or achieving pCR in TNBC. This may reflect the nature of this subtype of breast cancer that is less responsive to the hormonal effects that adipose tissue exerts on cancer cell proliferation.
Introduction
Triple-negative breast cancer (TNBC) is characterized by the absence of estrogen, progesterone, and human epidermal growth factor receptor 2 (HER2) receptors. It represents a distinct subtype of breast cancer found in 15-20% of invasive breast cancers diagnosed in the United States. It is more common in African-Americans and in premenopausal women [1] . Despite a lower prevalence rate than hormone receptor-positive breast cancers, TNBC leads to a disproportionate number of breast cancer deaths and imparts a significantly lower survival rate, likely due to the aggressive nature of the disease and a lack of targeted therapeutic options [1, 2] . Chemotherapy remains the mainstay therapy for TNBC.
Obesity, as measured using body mass index (BMI), has generally been associated with both an increased risk of breast cancer as well as an overall poorer prognosis after diagnosis [3] [4] [5] . There is increasing evidence that weight change during chemotherapy is associated with decreased survival and increased recurrence risk [6] [7] [8] [9] . Even though the underlying mechanism remains unclear, it has been proposed that the increased circulating levels of estrogen, insulin, insulin-like growth factor (IGF), and other hormonal factors in obese patients may promote proliferation of breast cancer cells [10] [11] [12] .
Ki-67, originally discovered at Kiel University in Germany, is a tumor marker commonly obtained on breast tumors. A nuclear protein associated with cellular proliferation has been shown to be an independent prognostic marker for disease-free and overall survival [13] [14] [15] . Additionally, a lower Ki-67 after neoadjuvant chemotherapy (NCT) is associated with improved disease-specific survival and lower recurrence rates [15, 16] .
NCT for breast cancer provides a unique opportunity to evaluate intervention efforts, including response to chemotherapeutic agents and lifestyle interventions. Some studies suggest that obese patients are less likely to have pathologic complete response (pCR) to NCT and are more likely to experience worse overall survival [7, 8] . This may be partly due to the finding that obese patients present with larger and more clinically advanced tumors, and may also be attributed to the potential under dosing of chemotherapy in obese patients resulting in diminished clinical effectiveness. A prospective, randomized pilot trial conducted at our institution randomized women undergoing NCT for estrogen receptor-positive (ER+) breast cancer to a supervised exercise program and to a control group [17] . Patients in the exercise program had a significantly lower BMI after NCT and had significantly greater reductions in Ki-67 compared to controls.
Given the obesity epidemic in the United States and its adverse association with breast cancer outcomes, especially in the setting of a disease that is aggressive and lacks effective targeted therapeutic options, we sought to examine the impact of weight change during NCT for TNBC on Ki-67 and pathologic response. Initial BMI was most often recorded at the first visit with medical oncology to discuss NCT. Final BMI was evaluated at the time of preoperative anesthesia evaluation. Due to the weight-based administration of NCT and anesthesia, these BMIs were the most accurately and consistently recorded at our institution.
Methods
Breast cancer diagnosis was made by core needle biopsy. Immunohistochemistry (IHC) was used to determine hormone receptor status. HER2/neu status was evaluated by IHC or by fluorescent in situ hybridization. Ki-67 was measured using quantitative IHC in the initial core biopsy specimen and then again in the final resection specimen removed for definitive surgical intervention after NCT.
Statistical analysis was performed using a two-tailed Student's t-test, analysis of variance (ANOVA), and Fisher's exact test. A P < 0.05 was considered statistically significant. Analyses were conducted using Graphpad Prism.
Results
One hundred and seventy-three TNBC patients were identified. Sixty-six patients had complete data and were included in the final analysis. Twenty-three patients gained weight during NCT with an average BMI gain of 1.4 kg/m 2 , and 43 patients lost weight with an average BMI reduction of 2.1 kg/m 2 ( Table 1) . The difference in BMI change between the two groups was significant (P < 0.0001). The average length of time between pre-NCT and post-NCT measurements was 138 days with a range of 77-210 days. Table 2 describes the overall patient population. The weight gain group was significantly younger than the weight loss group (44 vs. 53 years, P = 0.0013). The average initial BMI was 31.7. Almost half of the patients were obese (47%), and 74% were either overweight or obese. African-Americans accounted for 42% of the included TNBC patients. In the weight loss group, there were significantly more African-Americans than in the weight gain group (P = 0.02). However, the weight gain group had almost twice as many Hispanic patients as the weight loss group (P = 0.08).
The average initial tumor size was 4.7 cm and 6.0 cm for the weight gain group and for the weight loss group, respectively (Table 3) . After NCT, both groups had a reduction in tumor size, but the reduction was not significantly different between the two groups (P = 0.35). Both groups also had a reduction in Ki-67 after NCT, from 72.9% to 35.4% for the weight gain group, and from 75.4% to 37.8% for the weight loss group. The Hispanic versus all. change in Ki-67 between the two groups was not significant (P = 0.98). The weight gain group had 9% more pCR patients than did the weight loss group, but the difference did not achieve statistical significance (P = 0.58). The patients were divided into normal weight, overweight, and obese (n = 17, 18, 31). There was no significant difference in Ki-67 among the three groups either before NCT or after NCT. When the obese patients were further divided into obese, severely obese, and morbidly obese (n = 9, 15, 7 respectively), there was no significant different in Ki-67 reduction among those three groups (P = 0.16).
Discussion
TNBC represents a distinctive and less common disease process that lacks effective targeted treatments. Compared to hormone receptor-positive tumors, these cancers have an earlier onset, are more likely to metastasize, and lead to a shorter survival. There are only a few studies examining the relationship between obesity and TNBC, mostly focusing on the incidence of TNBC [18] [19] [20] . This study was the first to examine the impact of weight change during NCT on TNBC using outcome measures such as tumor size, Ki-67, and pCR, and found that weight change during NCT was not significantly associated with any of those measures for TNBC.
African-Americans comprised 42% of the TNBC patients in this study, almost twice as many as Whites. This is consistent with the literature finding that TNBC is significantly more prevalent in African-Americans, 26% versus 16% among non-African-Americans in the Carolina Study [1] . The high proportion of African-Americans and Hispanics in this study (71%) may also reflect the patients served by PMH-a hospital that focuses on an indigent, uninsured population, and where 60% of the patients are Hispanics and African-Americans [21] . In fact, 80% of the patients treated for breast cancer at PMH between 2005 and 2008 were minorities, the largest group being African-Americans [22] .
The relationship between weight and the risk of TNBC is more controversial. Some suggest obesity was associated with an increased risk of TNBC among postmenopausal nonhormone therapy users [18, 19] , while others did not find such association [20] . In fact, Stead et al. found that as BMI increased, the proportion of TNBC decreased. This is in contrast to the positive association between BMI and hormone receptor-positive breast tumors, which is well characterized in the literature [23] [24] [25] .
Even though weight loss is a consequence in many cancers, weight gain is frequently reported in women receiving chemotherapy for breast cancer [26] [27] [28] [29] . The women who gained weight in this study were significantly younger than those who lost weight. This is consistent with the literature finding that weight gain is more pronounced among premenopausal women [6, [30] [31] [32] . A combination of factors may contribute to this finding, including the type of chemotherapy, length of treatment, as well as ovarian failure and behavioral and lifestyle differences.
There is increasing evidence that weight change during chemotherapy is associated with worse oncologic prognosis. Two studies specifically reviewing NCT in breast cancer patients indicate that obese patients are significantly less likely to achieve pCR and are more likely to experience worse overall survival [7, 8] . Rao et al. showed in their randomized study that for ER+ tumors, a reduction in BMI during NCT was associated with a reduction in Ki-67 [17] . This is in contrast to the results of this study which does not reveal a significant association between weight change during NCT and Ki-67 reduction or pCR for TNBC.
The difference may be due to the fact that TNBC lacks hormone receptors and are thus relatively insensitive to the hormonal effects that adipose tissue exerts on breast cancer cell proliferation. Estrogen is one of the factors implicated in the positive association between BMI and breast cancer risk, as there are higher circulating levels of estrogen in obese patients [11, 12, 33] . Estradiol, the estrogen most strongly associated with breast cancer, is converted to estrone in the liver and to either 2-or 16a-hydroxyestrone (2-OHE1 or 16a-OHE1) in target cells. 16a-OHE1 binds estrogen receptor much more strongly than the other and retains potent hormonal activities. Laboratory and clinical data suggest that in nonhormone therapy users, greater BMI and higher levels of 16a-OHE1 jointly and individually associates with an increased risk of breast cancer [34] . Such an association may be less evident in tumors without hormone receptors.
As almost half of the weight gain group consisted of Hispanics and the weight loss group of African-Americans, race may play a role in weight variation during chemotherapy. In terms of survival outcomes, BMI seems to play less of a determinate role among African-Americans than Whites (Caucasians). In the Cancer Prevention Study II that studied 21,142 African-American women and 409,093 white women, BMI was more strongly associated with the risk of fatal breast cancer in Whites than African-Americans [35] . In a more recent study, the association between obesity and greater risk of all-cause mortality and breast cancer-specific mortality was observed among white women but not African-Americans [36] . African-Americans are more likely than Whites to have ER tumors, more comorbities, lower education levels, and are more likely to present with advanced disease. How- ever, it remains unclear why the obesity-mortality association is less evident among African-Americans than Whites. Other than socioeconomic, behavioral, and healthcare access factors, one possible explanation may be that African-Americans, who tend to be more overweight than Whites, are also more likely to have TNBC, which may not respond estrogen-mediated factors as hormone receptor-positive tumors do.
The change in Ki-67 was not significantly different among the three obesity groups in our study. However, the degree of obesity, especially before cancer diagnosis, may impact survival. In the After Breast Cancer Pooling Project, underweight and morbidly obese women before breast cancer diagnosis had the greatest risk of overall mortality and breast cancer-specific mortality, compared to normal weight. Severe obesity and obesity conferred a small but nonsignificant increase in risk, and overweight was not associated with excess risk compared to normal weight women [37] . Additionally, weight loss >10% post diagnosis was associated with increased mortality compared to weight stable [30] . Weight gain >10% post diagnosis was only marginally related to overall mortality [38] . Prediagnosis BMI appeared to be a strong predictor of cancer prognosis, and weight gain after diagnosis did not confer significant additional risk. Perhaps more focus should be placed on weight maintenance and avoiding large weight shifts after diagnosis. However, a recent meta-analysis showed that higher BMI was associated with higher overall and breast cancer-specific mortality with a linear dose-response, regardless of when BMI was ascertained [39] .
The vast majority of the patients in those studies had ER+ or PR+ tumors. Thus, its applicability to TNBC remains unclear. Furthermore, exercise status was not assessed in those studies or in ours. Exercise has been shown to conserve fat-free mass during weight loss by dieting [40] . Cachexia-induced loss of fat-free mass during breast cancer treatments may be related to chronic inflammation, reduced physical activity, toxicity to chemotherapy, as well as underlying comorbidities. All of these factors may be reasons for reduced survival. Fat-free mass, similar to adipose tissue, may play a role in cancer proliferation through various endocrine and immunologic pathways. Randomized control trials are needed to assess interventions for weight loss or maintenance on breast cancer survival.
There are limitations to this study. The first is the small sample size, which limits the power of the study. Many TNBC patients in the registry did not have complete weight or height data and were thus excluded. Patients included, however, were all true TNBCs, based on receptors obtained on the core needle biopsy specimen and confirmed on the surgical excision. With improvement in the electronic medical record system, we expect to have more patients with complete data for future studies. We did not assess exercise, menopausal status, or usage of hormone therapy or steroids, all of which could impact weight change and breast cancer risk and survival. Race and socioeconomic factors should also be further studied. Our patient population had a high initial BMI, and weight variation may be less pronounced because of that than with a leaner population. Weight loss could also represent a regression to the mean given its higher starting BMI compared to the weight gain group, or it could be a reflection of tumor progression. This is the first study to examine the impact of weight change during NCT for TNBC. The relationship between BMI and breast cancer is extremely complex, and the prognostic value of weight variation is something becoming increasingly studied. It is of particular interest in the setting of TNBC because of the rare but aggressive nature of the disease and the lack of effective therapeutic strategies. In this study, we did not find a significant association between weight change and Ki-67 reduction or pCR, possibly due to the hormone insensitivity inherent to this type of tumor. However, it provides a platform for further investigation into the relationship between weight and TNBC, in the hopes of improving the outcome of this disease.
Conclusion
Weight change during NCT for TNBC did not change the rate of pCR, nor impact reduction in Ki-67 levels. Opportunities exist to stratify the response across socioeconomic, age, and race-based cohorts.
